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A new  route  to  the  theoretically  interesting  alkylidene  azirldine 
series  was  explored.  Di-t-hutylketene-N-ethyllmine  was  methylated  with 
methylfluorosulfonate  to  give  the  respective  ketenlminiura  f luorosulfon- 
ate  salt  in  high  yield.  Deprotonatlon  of  this  salt  with  sodium  bis- 

ium  ylid.  Instead,  dimerization  to  N,Nl-dlethyl-2,5~bis(2l2,4,4-tetra- 

cyclization  of  the  1,3-dipolar  intermediate.  Experimental  evidence 
for  the  Intervention  of  a ketenlminiura  ylid  is  given.  Spectroscopic 

treatment  with  methyl  fluorosulfonate,  N-aryl  ketenimines  produced 


was  investigated.  The  addition  of  t-butylisonitrile  to  ethyl  trans-1,3- 
diphenylaxiridinecarboxylate  was  effected  in  solution  with  carbon 

was  obtained  in  excellent  yield.  Trace  acid  impurities  present  in  carbon 
tetrachloride  were  implicated  in  the  high  conversion  to  the  aminokctenimine. 
Mechanistic  details  are  discussed. 


CHAPTER  I 

KETENIMINIUM  YLIDS: 

SYNTHESIS  AND  DEPKOTONATION  OF 
DI-t-BUTYLKETENE-N-METHYL-N-ETHYUMINIUM 
FLUOROSULFONATE 
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SCHEME 


direct  evidence  for  an  alkylidene  ariridine  given. 

of  ethyl  aaldoformete  21  to  substituted  ollenes.  Base-catalysed 


chloride  solution  of  1,1-dimethylallene  26  with  carbethoxy  nitrene, 

SCHEME  IV 
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an  unstable  colorless  oil  was  obtained  in  approximately  3-82  yield. 
2-lsopropylldene-N-carbethoxyaziridine  27_  structure.  Interestingly, 


(4) 
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thermolysis  at  130®  of  a 
by  Bleiholder  and  Shechti 


e solution  of  2]_  ii 


irbon  tetrachloride 
aziridines  has  been  the  subject  of  scrutiny  in  the  recent  literature. 


^)==N-Ph  CH2Ng 


(6) 


again  unanticipated  products  were  obtained  as  illustrated  in  equations 


to  keteniraines  showed  addition  occurring  across  the  carbon-nitrogen 
Crawley.*^  Barker  and  Gardner1**  reported  that  diazomethane  added 


triazole.  Ichimura  and  Ohta,1^  on  the  other  hand,  determined  that 

34  did  not  give  the  expected  product  35.  Instead,  a compound  was 
isolated  with  elemental  composition  and  spectroscopic  properties  in 
agreement  with  the  benzhydrylldene  aziridinc  36. 

SCHEME  V 


Because  of  the  limited  generality  of  synthetic  routes  to  the 
alkylidene  aziridine  series  thus  far  presented  in  the  literature,  a new 

ability  to  undergo  thermally  allowed  ring  opening  to  azome thine  ylids. 
Recently,  Deyrup  and  Szabo18  treated  a variety  of  aldimlnes 

salts  in  high  yields.  In  one  case,  deprotonatlon  with  a nonnudeo- 


extremely  responsive  to  electrophilic  substitution  on  activated 
aromatic  systems,*9  2+2  cycloadditions  with  olefins29,2*  and  Schlff 

the  low  stability  of  these  ketenimlnlum  fluoroborate  salts  is  explicable 

for  example,  that  whereas  triaryl  ketenlmines  are  comparatively  stable 
yellow  oils  or  low  melting  solids,  most  trialkyl  ketenlmines  are 

offers  virtually  no  resistance  to  nucleophiles  approaching  the  highly 

salts  for  obvious  reasons  show  no  tendency  Co  polymerize,  but  otherwise 
are  potent  electrophiles. 

Substituent  effects  of  this  nature  were  implicated  in  the  remarkable 
stability  of  di-t-butylketene  44.  2,22  unlike  most  aliphatic  ketenes 


>C_ 

>C“ 


which  dimerize  rapidly  and  readily  accept  nucleophilic  reagents,29 
ketene  44  was  easily  distilled  as  a stable  monomer  and  showed  a marked 


Results 


procedures2®*2®  while  the  amino  lysis  5T_  was  accomplished  as  a partial 

was  treated  with  one  equivalent  of  phosphorus  pentachloride  under  the 
triethylamine  to  a mixture  (eg.  75:25)  which  contained  ketenlmlne  59 

observed  in  its  nmr  spectrum  as  well  as  a strong  and  very  characteristic 

techniques  or  by  column  chromatography  resulted  in  only  slight  purifi- 
cation. Nevertheless,  the  alkylation  was  performed  by  syringing  a 

solution  containing  ketenlmlne  59.  Methylatlon  occurred  rapidly  and 
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and  the  known  chemistry  of  other  heterocumulenes. 16,26,38  It  has  a high 

the  point  where  it  con  be  recovered  unchanged  after  stirring  in  aqueous 
solution  at  room  temperature  for  two  hours  or  more!  The  infrared 
spectrum  of  60  shows  a band  of  medium  intensity  at  2000  cm"1  for  the 

frequency  than  expected  for  a ketenimine  with  a positively  charged 
heteroatom.  Schlff  bases,  for  example,  show  appreciable  Infrared 
shifts  to  higher  frequency  upon  protonation  or  alkylation.36  Also,  the 


2000  cm"1  appear  curiously  low.  Present  in  the  nmr  spectrum  is  a low 
field  t-butyl  signal  at  fi  1.39  and  a deshlelded  methyl  singlet  at 

aqueous  base  to  its  tertiary  amide  *>1  according  to  equation  (12). 


sv 


J4.5-'°  HI 

J5.4-10  H! 

J6,7-12  «*•  J6.»-7 
J7.6-12  J7,r7 


X (66  0.124 

magnitude.^3 

Minot  components  appearing  in  the  deprotonation  product  mixture 

times.  Dealkylation  has  been  noted  by  Deyrup  and  Szabo*  to  be  an 
Partial  hydrolysis  of  60  was  expected  to  occur  due  to  trace  amounts 
the  sllylamide  base. 

Attempts  to  encourage  ring  closure  by  performing  the  deprotonation 
of  hexamethylphosphoramide  (BMP A)  resulted  in  a drastic  decrease  in 

Stereospecific  additions  to  1,3-dipolarophlles  have  been  of 

ylids  during  the  course  of  azlrldine  isomerizations.63^3  These 

Intervention  of  other  1,3-dipoles  as  well.  Unfortunately,  capture  of 
in  situ  generated  1,3-dipoles  by  conventional  trapping  agents  was 


Treatment  of  60  with  sodium  bis(trimethylsilyl)amide  in  the  presence  of 


purification  by  short  path  distillation  resulted  In  some  sample 
decomposition  with  no  substantial  improvement  in  product  quality. 
Spectroscopic  analysis  of  adduct  66  before  distillation  revealed  a 
parent  ion  at  m/e  289.2761  (calcd  for  C^H^N:  289.2769).  Complete 


a methyl  triplet  at  6 1.00  as  well  as  unresolved  methylene  and  norbomyl 

helpful  in  establishing  the  presence  of  the  olefinic  linkage  carrying 
the  t-butyl  groups.  These  appeared  as  singlets  at  6 141.6  and  6 124. B 
downfield  from  internal  TMS  and  are  in  agreement  with  typical  shifts 

based  on  the  multiplicities  extracted  from  single  frequency  o: 


assignments 


Multiplicity 


doublet 


infrared  spectrum  contained  a weak  band  at  ca.  1625 
of  the  enamine  functionality.^6 

attempted  purification  via  column  chromatography.  After  several 

was  isolated  from  a dioxane: hydrochloric  acid  treatment  of  a distillate 


Chemical 


>7(±1.5) 


o adduct  assignment, 


is  not  conclusive  evidence  for  an 
argument  can  be  made  by  comparing  both  the  H3a“Hya 
(6-8  Hs)  and  the  brldgehead-endo  coupling  (0-2  Hs). 

evaluating  the  width  at  half  height  for  the  It-  (bridgehead)  and  H_  (endo) 


strongly  suggest  the  presence  of  the  iminium  functionality  (C-N  ] 
High  resolution  moss  spectrometry  failed  to  show  a parent  ion  at 
m/e  326  for  the  hydrochloride  salt  67 . Instead,  a pseudo  parent 


chemically  deprotonated 


is  given  in  Table  IV.  These  are  compared  with  m/e  values  obtained  fre 
dehydrochlorination  of  67  is  occurring  to  give  66  which  then  produces 
The  iminium  bond  of  the  hydrochloride  salt  67  was  surprisingly 


Spectral 


Relative  Intensity  (%) 


inert  toward  attack  by  a variety  of  reagents  including  methyl  lithium 
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5-Methylbenzonorbornadiene  68  was  used  as  a 1,3-dipolraophiIe 
producing  a crystalline  keteniminium  adduct  69.  The  neutral  species  6? 


f isomers  70  and  70*  as  a series  of  line  pairs,  particularly  ii 
romatlc  region  6 120-150.  The  signals  associated  with  the  min- 
resumably  70* . were  based  entirely  on  the  relative  intensity  o 


as  expected,  ver; 
The  results  of  tl 


similar  to  those  observed  fo 


X_  > 

<^==N  + 0S02F~ 


X-- 


60 


7[ 


accounting  for  dimerlsatlon  can  be  invlsloned:  concerted  3+3  cyclo- 

addition resulting  from  orthogonal  approach  to  two  ylids  and  a 
nonconcerted  two  step  addition.  These  are  illustrated  as  mechanisms  A 
and  8 respectively  in  Scheme  XII.  Molecular  models  of  each  system  shot 
no  appreciable  difference  in  Che  amount  of  van  der  Uaals  repulsion 
experienced  in  their  transition  states.  Even  so,  mechanism  8 seems 

SCHEME  XII 


0 


d Coupling  Constant 


were  detected  which  could  lend  support  to  this  mechanism.  Mechanism  A, 

process.22  Like  ketenes,5**  the  ability  to  accomplish  this  is  due  to 
strong  bonding  interactions  between  the  electrophilic  iminium  carbon  and 

contributing  factors,  too.57  It  is  logical  to  assume  l 


electrophilic  bonding  interaction  is  present  to  assist  in  the  proper 


keteniminium  ylid  ]_ 
classified  as  ff4  dy 


observe  electrocyclic  ring  closure  v< 


ac  first  scrutiny,  since  the  requisite  dipole  almost  certainly  had 
been  generated.  A rationale  for  this  apparent  anomalous  behavior  is 

carbonium  ion  center5**  must  be  maintained  throughout  the  cydixation 


SCHEME  XIII 
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reversible  ring  opening  process.  Aziridines  lacking  such  substituents 

polymerize  when  subjected  to  thermal  ring  opening  conditions.59 

It  would  be  of  interest  in  future  work  in  this  area  to  consider 
the  synthesis  of  keteniminium  salts  bearing  potential  ylid  stabilizing 

aromatic  system,  for  example,  could  serve  a twofold  function:  (1)  to 

directly  assist  in  the  ring  closure  via  conjugative  stabilization  of 
the  ylid.  and  (2)  to  enhance  Che  acidity  of  the  protons  adjacent 

SCHEME  XIV 
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(y—="+  OSOgF- 
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OLIGOMERIZATION  OF  KETENIMINES  BY 
METHYL  FLUOROSULFONATE 


, recrystallizable  keteniminium  fluoro- 


.n  high  yield.  Different  n 


various  ketenimines. 
nd  triraer  formation  was 

which  thermally  trimerixe  to  any  appreciable  extent  are  the  fully 
aliphatic  substituted  ketenimines.  In  contrast.  2-imlnoaaetldines 
appear  to  arise  from  diary lketene-N-alkylimines  (Scheme  XV).  Systems 

quinaaolines  (dimers)  as  the  major  product.  No  mechanistic  conclusions 

behavior  of  several  ketenimines  under  strong  alkylation  conditions. 

However,  it  was  the  informative  chemistry  and  mechanistic  implications 
to  be  discussed  in  this  chapter  that  led  to  the  eventual  formation 
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parameters  will  be  correlated  with  those  reported  by  Barker,  and  possible 


l,3-di[ 


Alkylation 


solution  of  diphenylketene-N- 


:>jl- 


the  methylating  agent. 

The  nrar  spectrum  of  this  precipitated  material  showed  a deshielded 
methyl  resonance  at  6 3.38  in  addition  to  a profusion  of  aromatic  signals. 

structure,  and  suggested  a 2:1  adduct  between  ketenimine  83  and  methyl 
fluorosulfonate  respectively.  The  presence  of  the  fluorosulfonate 
counterion  (OSO„P-)  was  established  by  the'  appearance  of  infrared 

ilfonic  acids. 63  The  mass  spectrum  exhibited 


83 


,F)  with  no  major  fragmentations 

u Since  this  was  not  sufficient 

degradation.  Treatment  of  8^  with  a 20%  sodium  carbonate  solution  in 
near  quantitative  yield  a brilliant  fluorescent 


a fragmentation  pattei 
to  5 2.68  as  expected 


l upfield  shift  of  the  N-mechyl  signal  from  8 3.38 

led  Co  the  structural  assignment  81 


,N^--Ph  20%  N 


°X- 


(6  2.16)  was  found  to  be  shifted  approximately 


proximal  aromatic 


Examination  o£  molecular  models  clearly 


this  material  is  presumably  the  result 
substitution  by  diphenylacetaldehyde  01 

properties.  High  resolution  mi 


is  sllghly  higher  than  the  carbonyl  band  for  87.  which  is  shifted  10  cm-1 
lower  to  1625  cm-1.  The  nmr  spectra  of  both  87  and  90  exhibit  doublets 
(3H)  at  ca.  6 2.8  which  collapse  to  singlets  (3H)  when  washed  with  D_0 , 
and  broad  singlets  (1H)  at  ca.  6 8.8  which  completely  disappear  on 
similar  treatment  with  0,0.  The  extremely  low  field  N-H  resonances  . 

low  values  of  the  N-H  protons  is  not  immediately  obvious.  Steric 
crowding  between  the  benshydryl  and  the  amino  ketone  phenyl  rings  may 

observed  N-H  coupling  with  the  N-methyl  protons  which  is  Che  apparent 


While  structural  investigations  into  the  above  discussed  quinazoline 


for  83.  It  was  hoped  that  the  methyl  "labels"  in  the  product  would 

shielded  C.-methyl  group  which  appeared  at  6 1.92  and  6 1.84  respectively. 
The  unusually  high  position  of  this  signal  was  noted  by  comparison  of 

aromatic  substitutents  (vide  infra) . The  source  of  chis  upfield  shift 
(ca.  0.4  ppm)  can  again  be  attributed  to  diamagnetic  shielding  resulting 

conformation  relative  to  the  quinazoline  ring.  Furthermore,  a compar- 
for  the  H.  proton,  and  is  well  within  the  shielding  ei 
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8$  Chru  9j*  which  prior  to  this  work  were  not  firmly  established.  It  was 
reasoned  that  a great  portion  of  the  analytical  spectroscopic  data  of 

replacing  the  phenyl  substituents  on  the  ketene  terminus  by  alkyl  groups. 


)>— ft-N-Ph 


5 (indicative  of  a trimer)  and  1< 


appeared  at  6 1.44  for  the  methyl  pi 


trimer  (mp  163-164°)  isolated  frc 
photolysis  or  thermolysis  of  the 


utsen65  reported  a ketenimine 


N-cydohexylimine  79.  Nevertheless,  the  triraer  obtained  in  this  work 
under  alkylation  conditions  was  assigned  structure  101.  It  was  found 
that  if  the  ethereal  alkylation  product  mixture  containing  101  was 

chloride  solution  of  triazine  101  with  chlorosulfonic  acid.  The  mass 


aromatic  resonances 


conformation  needed  to  provide  the  upfield  shift  of  the  isopropyl  and 
isopropylidene  methyl  protons  is  easily  attained.  The  aromatic  rings 


-rr 


This  shielding  factor  also  applies  to  the  high  f 
parent  trlazine  101  simply  by  stirring  under  an  aqueous  reflux. 


"90 


The  appearance  of  tl 
e reversible  behavior  ti 


104 

e isopropyl  nmr  pattern  upon  protonation  am 
ward  proconation  and  deprotonacion  leave  lii 

it  effects  on  the  ketene  terminus  ol 
e only  modification  made  in 


chough,  whether  Che  effects  governing  Che  cyclization  process  (dimer 
this  point,  diethvlketene-N- (p-colvl) inline  106  with  increased  bulk  in 


) ILN-Ph-CH3 


s evaporated  to  dryness,  and  the  pasty  ■ 


and  a base  peak  at  m/e  187.  An  enamine  stretching  vibration  appeared 

structure  of  this  material  as  the  trimer  107  (261) . The  ethanolic 
filtrate  from  which  the  trimer  107  was  crystallized  was  treated  with  excesi 
sodium  borohydride.  The  quinazoline  derivative  109  was  obtained  from 
the  product  mixture  as  fine  colorless  needles  in  34%  overall  yield.  The 

in  its  nmr  spectrum  were  singlet  methyl  resonances  at  6 2.15,  2.22,  and 


6 6.32  (doublet,  J?  g»8  Hz)  as  well  as  a low  field  resonance  at  6 7.18 
(doublet,  J.  ?-2  Hz,  1H,  H-) . The  relative  ratio  of  triazine  to 
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systems  carrying  substitutents  with  bulk  appreciably  larger  than  ethyl 


possibility  of  cyclisation  through  a nitrogen  substituent  would  be 

Diphenylketene-N-isopropylimine  111  was  prepared  by  the  dehydro- 


interpretation.  The 


magnitude  and  direction  of  this  shift  is 


explicable  only  in  terms  of  diamagnetic  shielding  from  a nearby  ai 

syn  isomer  112  show  the  phenyl  rings  in  the  3-position  properly 
to  offer  a diamagnetic  shielding  ei 


Isopropyl'spllctTng 


The  azetidinium  isomers  X12  and  113  were  quantitatively  reduced 
with  sodium  borohydride  to  a colorless  crystalline  solid  which  was 


and  a base  peak  at  m/e  344  corresponding  to  a tetraphenylallene  frag- 
mentation.^0*6^ The  nmr  spectrum  contained  a singlet  at  6 5.42  which 

The  N-methyl  resonance  appeared  at  5 1.57  while  a pair  of  isopropyl 
Inspection  of  molecular  models  clearly  shows  the  ease  with  which 

adjacent  benzhydrylidene  phenyl  ring  and  the  isopropyl  methyl  group 

rotation  results  in  a preferred  conformation  - at  least  on  the  nmr  time 
scale  - such  chat  one  methyl  resides  in  the  shielding  cone  of  the  endo 


with  either  ethanol  or  dlmethylacetylenedicarboxylate 


Ph^N^ 


3-fUw« 


e resulted 
methyl  signal  in  the  regit 


i vigorous  reaction  which  yielded  a 

3. 0-4.0  which  could  be  attributed  to  an 
alkylation  with  freshly  distilled 
suited  in  a much  smoother  and 


distillation 


carried  on  the  ketene  terminus  of  the  ketenimine  substrate.  The  systems 
with  the  greatest  degree  of  bulk  formed  quinasoline  derivatives 

account  for  both  products  under  the  same  conditions,  one  must  consider 


phenylimine  29 


methyl  fluorosulfonate 


SCHEME  XX 


55.4% 


methylated  product  was  detected  in  this  system,  (3)  the  formation  of 
both  triazines  and  quinazolines  required  fairly  lengthy  exposure  to 
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UY 


proton  source  in  methyl  f luorosulfonate  could  arise  from  small  amounts 
of  hydrolysis  which  would  be  expected  to  produce  methanol  and  fluoro- 

mechanism  for  the  cydization  of  dialkyl  oarbodiimides  to  iminodi- 

ketenimine  29  to  undergo  alkylation  suggests  a similar  mechanism  in 
the  triaryl  ketenimines  systems.  If  the  failure  to  observe  alkylation 

capacity  of  phenyl  groups,  tend  to  be  even  more  resistant.  The  proposed 
precedent  for  this  type  of  behavior  with  diaryl  carbodiimides  which 

product  mixture.  Unfortunately,  the  identity  of  this  trimer  was  not 
established.  The  high  percentage  of  dimer  (76X  vs.  201)  in  Barker's 
system  is  puzzling,  since  no  trace  of  a quinaxollne  was  detected  when  the 
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fee ted  at  125°  in  a sealed  tube  without  a solvent, 
this  work.  Such  a dramatic  contrast  in  product  distribution,  though, 

respect  to  trimerization,  room  temperature  cyciization  would  be 
expected  to  favor  the  trimer  as  it  did  in  this  work.  At  higher  temper- 

In  the  case  of  triaryl  ketenimines,  the  activation  energy  for 
dimerization  must  be  low  with  respect  to  that  for  trimeri2atlon.  This 


The  formation  of  azctidlnes  from  N-alkyl 

methylation  of  the  ketenimine  nitrogen.  Support  for  this  contention 
is  found  in  the  ease  with  which  di-t-butylketene-N-ethylimine  59 
(Chapter  I)  was  alkylated  with  methyl  f luorosulfonate. 
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SCHEME 


however,  no  advances  have  been  made  concerning  the  mechanism  of  chest 


obtained  In  this  work  under  strong  alkylating  ci 

d trimers  obtained  under  thermolytic  ct 

te  during  synthesis*  since  all  of 
dehydrochlorination  of  inddoyl  chloride  precursors.  Indeed*  in  two 
characterized  from  kerenimine  distillates  obtained  during  preparative 


described  in  Scheme  XXIV.  The  failure  to  isolate  or  detect  a trimer 

closure  to  a triazine  of  the  type  described  in  this  work  is  effectively 
eliminated. 


a-CHLOROENAMlNES 


rts  concerning  tl 

into  the  response  of  these  systems  to  sterically  hindered  strong 

It  was  hoped  that  deprotonation  could  be  effected  by  these  bases,  and 
provide  a relatively  straightforward  route  to  keteniminium  ylids  42 . 


potential 


a-Chloroenamine 


photosensitive 

reversible 


>v 


= =N+  <») 


125 


126 


s interpreted  as  a shil 


ride  126  has  been  suggested 
by  Weingarten33  to  account  for  the  two  sharp  singlets  observed  in  the 

benaene-d,  or  toluene-dg.  T! 

coupling  between  the  nonequivalent  C-methyl  protons  would 

Attempts  were  made  to  effect  deprotonation  of  125  w: 
sodium  bis(trimethylsilyl)amide  or  potassium  t-butoxide. 
were  carried  out  in  benzene  or  toluene,  since  most  polar  solvents 
would  hardly  be  stable  under  the  strongly  basic  conditions.  Adducts  127 

course  of  work-up.  Displacement  by  the  silylamlde  occurred  smoothly 


: >V^K>Tr 


.m  bis(trimethylsilyl)amide  produced  a deep  reddish  1) 


characteristic  of  a ketenimine  functionality 
le  dealkylation  of  131  to  diphenylketene-N- 


when  treating  ternary  in 

a-chloroenamine  133  was  prepared  as  a hygroscopic  yellow  liquid 
yield  from  its  amide  precursor  132.  Because  of  inductive 
effects  of  the  phenyl  group,  the  benayl  protons  of  133  should 


>Af. 


I.  (COCI)2  ^ ^Ph 

2-  e»3n  *■  S~lx  I 


(38) 


adducts  136  and  135  along  with  smaller  amounts  of  amide  132  were 
isolated  in  662  yield  while  the  t-butoxy  derivative  135  was  obtained 


N-carbethoxymethyl 


was  synchasized  via  the  condensation  of  ethyl  N-methylglycinace  137 
with  isobutyryl  chloride  136.  The  conversion  of  138  to  the  o-chloro- 


^>— ft-CI  H-N^^COjE 


y-K- 


carbon  tetrachloride,  but  broadened  noticeably  when  examined  in 
(triplet)  and  6 6.08  (quartet),  N-methyl  and  N-oethylene  singlets  wt 


'"a  Au 


observed  ac  6 2.47  and  6 3.27  respectively.  When  the  a-chloroenamine  i: 

under  a nitrogen  atmosphere,  a mixture  was  obtained  whose  gross  nmr 
spectral  properties  were  essentially  identical  to  those  of  amide  138. 
Other  resonances  appeared  at  6 1.63  (doublet,  ca.  6H) , 2.43  (singlet,  cj 
3H)  and  5.63  (singlet,  ca.  1H) , but  represented  only  a small  amount  (<53 
of  the  total  product  mixture.  These  signals  could  correspond  to  the 


isopropylideneoxazoline  140.  Due  to  the  large  amov 
chloroform.  After  extended  periods  of  tins 


19  exhibited  an 
these  solvents,  cyclization 


to  the  oxazolinium  salt  141  occurred  almost  quantitatively.  Wh 
monitored  via  nmr  spectroscopy,  the  signals  associated  with  139 


(doublet, 


(«) 


■7  Hz) , 


3.88  (multiple-: , 


J“7  Hz),  4.27  (singlet),  4.44  (quartet),  and  8.25  (singlet).  Accurate 

In  order  to  unequivocally  establish  the  structure  of  141,  the  5-ethoxy- 
oxazole  143  was  prepared  by  converting  the  amide  142  to  its  imidoyl 
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> \ ^ / ''co. 


Miry  respect  to  that  reported  In  the  literature 

6 1.41  (doublet,  J»7  Ha,  6H) , 1.47  (triplet,  J-7  Ha,  3H) , 3.32  (heptet, 
J™7  Ha,  1H),  3.88  (singlet,  3H) , 4.30  (quartet,  J=7  Ha,  2H) , and  6.93 
(singlet,  1H).  The  positions  of  these  signals  are  quite  similar  Co 

for  Che  difference  in  the  chemical  shifts  of  the  vinyl  protons.  It 
is  difficult  to  ascribe  Che  magnitude  of  this  difference  merely  to  a 
difference  in  counterion,  but  other  than  this  the  two  systems  appear 

and  139  give  the  same  N-methyl-N-isobutylglycinate  145. 

of  this  oxaaolinium  salt  could  lead  to  a product  discussed  earlier  and 


ylids  4£  is  limited  for  several  rt 

nucleophilic  displacements  occur  at  the  vinyl  carbon  t< 
synthesising  sterically  protected  derivatives,  and  (3)  the  apparent  low 
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lie  cycllzation  proceeds  in  methylene  chloride  or  chloro- 
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s-\S\ 

cr 


efforts  to  maintain  a moisture  free  environment.  It  is  true  that 
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^Lr 


N&i- 


An 


’H- 


CHAPTER 


ADDITIONS 
Cheletropic  re 
by  the  formation  or 
single  atom  (Scheme 


OF  t-BUTYLlSONITRILE  Tl 
factions  are  concerted  reactions  characterized 
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extremely  rare.  ^ The 

: of  a 3+1  adduct  involved  the  addition  of  t-butyl- 
not  lend  themselves  to  a detailed  mechanistic  study,  systems  were 


cycloadditions  of  azlridines  with  suitable  1,3-dipolarophiles  are  knovm 
to  take  place  in  a concerted  fashion,  and  have  been  shown  to 


factors:  (1)  a concerted  va.  a stepwise  addition,  (2)  the  configuration 

(cis,  trans)  of  the  aziridine, (3)  the  rate  of  cycloaddition 
relative  to  that  of  aziridine  isomerization/'*'^11  and  (4)  the  experi- 

tnore,  the  email  number  of  protons  on  the  aziridine  ring  (and  eventually 


e chosen  in  this  work  for  the  purpose  of  generating 


with  t-butylisonitrile  9 in  a sealed  tube 

aziridine  had  indeed  isomerized  to  a cis; 
established  that  the  azomethine  ylid  had 


Treatment  of 


X 


solution  containing  a twofold  exci 


it  80°  in  a carbon  tetrachloride 


+- 


x„ 

Pi 


Evidence  for  the  assigned  s 
absorption  maxima  at  2000  and  1745  cm-1  corresponding  to  the  ketenimine 
a two  proton  singlet  at  6 4.16  superimposed  over  a two  proton  quartet 
the  possibility  of  the  isomeric  ketenimine  156. 

chemical  shift  data  of  the  methylene  protons  of  157^  and  158  suggested 


inductive  effect  of 


IR:  C=0  « 1736  cm'1 


catalysed  hydrolysis  of  ketenimine  155  to  amide  159.  and  the 


outlined 
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X 

n 

_A„ 


'V-~ 


e origin  of  ketenimine  i55  can 


o rationalized  01 


, illustrated  in  Scheme  XJ 


mechanism  A,  involves  the  reversible  ring  opening  of  a 


the  azomethine  ylid  164  and  lead  to  the  zwitterlonic  isonitrile  adduct 
166.  Similarly  substituted  aziridlnes  have  been  noted  to  show  analogous 


SCHEME  XXXII 
Mechanism  A 


+ 


166 
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susceptible 


Y=  C02CH3,C02Et 


question  of  why  3+1  cycloaddition  products  b< 
) and  aziridine  153  were  not  observed  still 


CHAPTER 


Melting  pi 


irded  in  degrees  Centi- 


capillary  methods, 
lei  137  Sodium  Chloride 
i a polystyrene  film. 


EXPERIMENTAL 

by  conventional  distillation  techniques  or  1 
Infrared  spectra  were  recorded  on  a Perkin-I 

in  parts  per  million  (ppm)  downfield  from  tetramethylsilane  as  an 
internal  standard.  Routine  low  resolution  mass  spectra,  exact  mass  i 

meter  at  an  ionizing  potential  of  70  eV.  Microanalyses  were  carried 

in  agreement  with  assigned  structures.  Where  noted,  reactions  and 

Labconco  drybox  purged  with  a continuous  stream  of  nitrogen.  Solvent 


t-Butylmagnesium  chloride  was  prepared  from  t-butyl  chloride  and 
Crignard  grade  magnesium  turnings  following  Che  procedure  described  by 
Whitmore  and  Badertseher,8^  and  standardised  according  to  the  method 


,4-Ietraiae  th  Vi- 


2, 2,4, 4-Tetramethyl-3-pentanone  was  prepared  from  t-butylmagnesium 
chloride  and  plvaloyl  chloride  with  cuprous  chloride  as  a catalyst 

ir  (liquid  film)  1665  cm-1  (C-0) ; nmr  (CDC1-)  6 1.23  (singlet). 


e (56) 


-86°/12  mm  Hg;  ir  (liquid  film)  1790  cm-1  (1 
7 (singlet.  18H),  2.88  (singlet.  1H). 


Anhydrous  ethylamine  (15.0  g.  0.333  mole)  was  placed 
Fischer  and  Porter  Carius  cube  previously  cooled  to  0-5®  wl 

mixture  was  stirred  for  84  hours.  The  greenish  product 


wich  dilute  hydrochloric  acid,  then  dried  over  anhydrous  magnesium 
sulfate.  Evaporation  of  the  solvent  left  a pale  yellow  solid.  Re- 
crystallisation from  hexane  afforded  N-ethyl-2,2-di-t-butylacetamide 
(7.7  g,  82Z)  as  colorless  prisms:  mp  133-134° ; ir  (KBr)  3230  (N-H, 
stretch)  1660  (G-0) , 1545  cm-1  (N-H,  bend);  nmr  (CDC1,)  6 1.10  (singlet, 
18H),  1.13  (triplet,  J-7  Hs,  3H),  1.65  (singlet,  1H) , 3.23  (quartet. 


t-Butvlketene-N-Echvlimine  (: 
A solution  of  N-ethyl-2,2- 


in  25  ml  of  benzene  was  prepared  in  a 100  ml  round-bottomed  flask 
were  removed  by  evaporation  at  reduced  pressure,  and  the  remaining 

suction  filtration  and  the  filtrate  concentrated  at  reduced  pressure 

gave  di-t-butylketene-N-ethylimlne  (1.60  g)  contaminated  to  the  degree 

ir  (liquid  film)  1998  cm  1 (OON);  nmr  (CDC1,)  6 1.21  (singlet,  18H) , 
1.23  (triplet,  J-7  Hz,  3H),  3.39  (quartet,  J-7  Hz,  2H) ; m/e  (cacld 


( found) 


Di-t-Butylketene-N-Ethyliminium 


Freshly  prepared  di-t-butylketene-N-echylimine  <1.60  g)  was  rinsed 
from  Che  Kugelrohr  bulb  into  a 100  ml  round-boctomed  flask  with  50  ml 
of  anhydrous  echer.  The  flask  was  then  set  up  for  magnetic  stirring, 

tube.  Methyl  fluorosulfonate  (1.51  g,  1.02  ml,  13.3  mmol)  was  syringed 

room  temperature  for  approximately  30  minutes.  Precipitation  of  the 

zation  from  chloroformtdiethyl  ether  afforded  di-t-butylketene-N- 
methyl-N-ethyliminium  fluorosulfonate  (1.50  g)  as  a white  powder: 

(singlet,  18H),  1.68  (triplet,  J=7  Hx,  311).  3.90  (singlet,  3H),  6.11 


■t-Butylacetamido  (61) 


Di-t-bucy lketene-N-n'c thyl-N-ethy lirainium  fluorosulfonate  (0.250  g, 
0.867  mmol)  and  15  ml  of  distilled  water  were  placed  in  a 25  ml 

aqueous  sodium  hydroxide,  and  the  resulting  mixture  stirred  at  room 
temperature  for  approximately  10  hours.  Extraction  into  three  25  ml 


2,2-di-t-butylacetamide  (0.157  g,  872)  as  a pale  yellow  liquid. 

Vacuum  distillation  (Kugelrohr,  100-110® /0. 3 ran  Hg)  gave  an  analytically 

(C-0);  nmr  (Cl! Cl 6 1.07  (singlet.  1811),  1.20  (cclplet,  J-7  Ha,  3H) , 

2.45  (singlet,  0.75  H) , 2.49  (singlet,  0.2511),  2.83  (singlet,  0.75H), 

3.0  (singlet,  2.25H),  3.39  (quartet,  J-7  Ha,  211);  m/e  (racld  for  Cj^H^NO) 
213.2092,  (found)  213.2092. 


’ Pl-t-Butylkotene-N-Methvl-N-Ethvllminium  Fluorosulfonate  (60) 


In  a drybox,  di-t-butylketene-N-raethyl-N-ethyliminium  fluorosulfonate 

time,  the  mixture  became  somewhat  more  homogeneous  and  assumed  a bright 

base  were  removed  by  suction  filtration  through  a bed  of  Cellte,  and 

oil  (0.406  g).  Crystallisation  from  ethyl  acetate  produced  colorless 
flakes  of  N,H'-diethyl-2,5-bis(2,2 ,4,4-tetrametliyl-3-pentylidene) 
piperasinc  in  two  crops  (0.2182  g,  522);  mp  154-156®;  ir  (CHC1,) 

1600  cm"'  (C=C=N);  nmr  60  MHs  (CDClj)  6 1.07  (triplet,  J-7  Ha,  6H) , 

1.30  (singlet,  9U),  1.43  (singlet,  9H) , 2.33-3.58  (multiplet,  8H); 
nmr  100  Mils  (CDC1„)  6 1.07  (triplet,  J-7  11s,  6H) , 1.31  (singlet,  9H), 

1.43  (singlet,  9H),  2.60  (doublet,  C . - 10  Ha,  2H,  endocycllc  CH,), 


2.74  (doublet  of  quartets,  ^ , "11.5  Hz,  CH^=7  Hz,  2H,  exocyclic  CHg) , 
3.01  (doublet  of  quartets,  JA,B,»11.5  Hz,  JH  CH^“7  Hz,  2H,  exocyclic  CH2) , 
3.35  (doublet,  J^-10  Hz,  2H,  endocyclic  CHj) ; nmr  1JC  (CDC1_)  6 13.0 
(quartet,  CH^CH^) , 33.8  (quartet,  t-butyl),  42.5  (triplet,  exocyclic  CH2) , 
45.2  (triplet,  endocyclic  CIO , 141.3  (singlet,  exocyclic,  C=C) , 


Di-t-Butylkctene-N-Hcthyl-K-Ethylimlnium  Fluorosulfonate  (60) 


Treatment  o 

with  a reflux  condenser  and  a nitrogen  atmosphere.  The  reaction 
mixture  was  refluxed  for  6.5  fours  before  being  filtered  through  a 
small  Buchner  funnel  containing  a bed  of  Celite.  The  yellow  filtrate 
was  evaporated  to  an  oil  (0.4044  g) , diluted  with  approximately  8 ml 
of  ethyl  acetate,  and  placed  in  a refrigerator  freezer.  After  several 

156")  appeared  and  were  collected  by  suction  filtration.  The  mother 

.c  sample  to  contain  mostly  N-methyl-N-ethyl-2,2-di-t- 


Treatment  of  Dl-t-Butvlketene-N-Methvl-N-Ethyliminium  Fluorosulfonate  (60) 
in  50  ml  of  dry  hexamethylphosphoramide  was  prepared  in  a 50  ml  round- 

fluorosulfonate  (0.482  g,  1.63  mmol)  in  5 ml  of  dry  hexamethylphos- 

hours.  The  mixture  was  diluted  w: 
into  two  50  ml  portions  of  diethyl  ei 
combined,  concentrated  at  reduced  pressure,  and  vacuum  distilled 

The  distillate  was  taken  up  in  20  ml  of  diethyl  ether,  washed 

sulfate,  and  evaporated  at  reduced  pressure  to  a pale  yellow  liquid 
(0.1802  g).  This  material  showed  major  nmr  signals  at  6 1.07  (singlet, 
18H) , 1.20  (triplet,  J«7  Hz,  3H) , 2.45  (singlet,  0.75H),  3.0  (singlet, 
2.25H),  and  3.39  (quartet,  .1=7  Hz,  2H)  and  was  shown  by  comparison 
with  an  authentic  sample  to  be  N-raethyl-N-ethyl-2,2-di-t-butylacetamide 


Exo-K-Ethvl-1- (2 . 


-3-Pentvl) 


with  a magnetic  stirring  bar  and  a calcium  sulfate  drying  tube.  The 
flask  was  transferred  to  a drybox  and  positioned  over  a magnetic 

under  nitrogen  atmosphere  for  23  hours.  The  golden  reaction  mixture  w. 


obtained  as  an  acid  sensitive,  pale  yellow  oil:  ir  (CHC1-)  1625  cm”1 

(C-C-N) ; nmr  (CDC1  ) 6 1.00  (triplet.  J-7  Hz.  methyl).  1.35  (singlet, 
t-butyl) , 1.50  (singlet,  t-butyl) . 1. 0-3.0  (multiplet.  methylene  and 
norbornyl);  nmr  (CDC1,)  6 16.0  (quartet,  -CH.-CH,),  26.2  (triplet, 

C*),  31.1  (quartet,  t-butyl),  31.6  (triplet,  C,) , 32.6  (quartet,  t-butyl), 
33.6  (singlet,  t-butyl),  36.0  (singlet,  t-butyl),  36.7  (doublet,  C^) , 

41.1  (doublet,  Cj),  41.8  (triplet,  Cg) , 44.3  (triplet,  -CHg-CHg) , 

51.1  (doublet,  Cgfl) , 54.6  (doublet,  C?fl) , 57.4  (triplet,  Cg) , 124.8 
(singlet,  exocyclic  C“C) , 141.6  (singlet,  endocyclic  C-C);  m/e  (cacld 
for  C2iH35N)  289.2769,  (found)  289.2761. 

The  crude  isoindole,  was  diluted  with  approximately  5 ml  of  benzene 


exo-N-e thyl-1- (2, 2,4,4- tetramethyl- 3-pen tyl)-3a, 4, 5,6,7, 7a-hexahydro- 
4, 7-methano-3H-isoindolinium  chloride  (0,289  g,  65,32)1  rap  176-179" 
(decorap.);  ir  (CHCl^)  1620  cm'1  (ON);  nmr  (CDClj)  6 1.25  (singlet, 

9H) , 1.28  (singlet,  9H),  1.50-1.80  (broad  raultiplet,  6H,  H , H,,  H„) , 
1.53  (triplet,  J-7  Hz,  3H) , 2.50  (broad  singlet,  1H,  H?),  3.00  (singlet, 

Hj) , 27.2  (triplet,  Cfi) , 29.5  (triplet,  Cj), 

, 32.7  (quartet,  t-butyl),  36.8  (singlet,  t-butyl) 
7 (doublet,  C^) , 42.8  (doublet,  C^),  47.9 


40.3  (doublet,  C,),  • 

64.5  (triplet,  C«),  ’ 
(found)  289.2763; 


2 (singlet,  C 


; ra/e  (i 


Exo  N-htlivl-l-(2.2,e.4-Tetramcchv1-3-Pentvl)-6(/)-Hethvl-J.i.<<. 9 . v.i- 

(0.7773  g,  2.634  mmol),  and  10  ml  of  dry  benzene  were  combined  in  a 
50  ml  round-bottomed  flask  equipped  with  a magnetic  stirring  bar  and 


nitrogen  atmosphere 


in  mixture  was  passed  through  a filter  funnel 
if  Celite.  Hie  pale  yellow  filtrate  was  evaporated 

Seven  40  ml  fractions  were  collected  with  methylene  chloride  and 
with  an  authentic  sample  to  be  5-methylbenaonorbornadiene.  An  eighth 

6(7)-methyl-3a,4,9,9a-tetrahydro-4,9-methono-311-benz(flisoindolinium 


(singlet,  911),  1.35  (singlet  9H),  1.56  (multiplct-  3H,  -CHgCH^) 

2.00  (broad  singlet,  2H,  H^) , 2.32  (singlet,  3H) , 2.79  (broad  doublet, 

doublet,  ga»8  Ha,  1H,  H9fl),  3.57  (broad  singlet,  1H,  H^) , 3.92 
(broad  singlet,  1H,  H^) , 4.17-5.18  (multiple!,  411 , endocyclic  and 

6 13.0  (quartet,  -CH^-CH^) , 21.5  (quartet,  6-CHj,  7-CHj*),  31.7 
(quartet,  CH...  t-butyl) , 32.8  (quartet,  CH, , t-butyl) , 36.8  (singlet, 

C,  t-butyl),  36.9  (singlet,  C,  t-butyl),  40.5  (doublet,  C,  ),  40.6 
(doublet,  C_*) , 43.7  (triplet,  Cj(j)  , 47.3  (doublet,  C^) , 47.7  (doublet, 
C4«) , 48.4  (triplet,  , 49.5  (doublet,  Cy) , 49.8  (doublet,  C^*), 

62.6  (triplet,  C^),  120.7  (doublet,  Cy) , 121.8  (doublet,  Cg*) , 122.0 
(doublet,  C„) , 123.2  (doublet,  C,*),  127.5  (doublet,  C,),  128.1 


(doublet, 


(singlet. 


(singlet. 


(singlet,  C,  ),  143.6  (singlet,  C,  *) , 145.6  (singlet,  Cfl  *),  146.7 
2.2-Diphenvlacetyl  Chloride 

2,2-Diphenylacetic  ocid  (28.0  g,  0.132  mole)  and  thionyl  chloride 


and  the  residue  vacuum  distilled  at  123* /0.1  ran  Hg  (lit.****  bp  170-1*/ 
16  mm  Hg).  2,2-Diphenylacetyl  chloride  (29.7  g,  97.52)  was  obtained 

1975  cm-1  (C-O)s  nmr  (CCl^)  6 5.33  (singlet,  1H),  7.20  (singlet,  10H). 


H-Phenvl-2.2-Dlphcnvlacetamidc  (82) 

amine  (13.6  g,  196.  ml,  0.135  mole)  and  301 
in  a 1000  ml  three-necked  round-bottomed  El 


;,  0.135  mole),  triethyl- 


funnel,  mechanical  stirrer, 
Diphenylacctyl  chloride  (2! 


triethylamine  hydrochloride  wi 


sodium  hydroxide.  The  colorless  solid  which  remained  was  collected 

acid,  dried  over  anhydrous  magnesium  sulfate  and  evaporated  to  give 

recrystallized  from  benzene: petroleum  ether  (65-110°).  N-Phenyl-2 ,2- 
diphenylacetamide  (26.0  g,  70%)  was  collected  as  a fluffy  colorless 

nmr  (CDC1  ) 6 5.05  (singlet.  1H),  6.92-7.55  (multiplet.  15H). 


Diphenylketene-N-Phenv  .limine  (63) 

Diphenylketene-N-phenylimine  was  prepared  by  sodium  iodide 

mp  55-56°)!  it  (liquid  film)  1998  cm'1  (C-C-N) ; nmr  (CCl^)  6 6.95- 
7.43  (multiplet). 


Alkylation  of  Diphonvlketcno-N-Plienvlimlne  (83) 

and  25  ml  of  anhydrous  ether  was  prepared  in  a 50  ml  round-bottomed 
flask  equipped  with  a magnetic  stirring  bar  and  a calcium  sulfate 


of  l-methyl-2-benzhydryl-3-phenyl-4-benzhydrylidene-3,4-dihydroquinazol- 
inium  fluorosulfonate  after  several  hours  of  refrigeration:  mp  282- 

6.1  (singlet.  111),  6.6-7. 7 (multiplet,  29H). 


l-Methyl-2-benahydryl-3-phenyl-4-benzhydrylidene-3,4-dihydro- 
quinazolinium  fluorosulfonate  (4.00  g,  6.13  mmol),  75  ml  of  1,4- 

remained  (ca.  30  minutes) . The  product  mixture  was  placed  on  a 


l-methyl-3-phenyl-2,4-dibenzhydrylidene-l,2,3,4-tetrahydroquinazoline 
6 2.68  (singlet,  3H) , 6.0-7.25  (multiplet,  298)1  m/e  (cacld  for  ^',1^32^2^ 


l-Methvl-2-Benzhvdryl-3-l’henyl-4-Benzhydrylldene-1.2.3.4-Tetrahvdro- 

stirring  bar.  Sodium  borohydride  (0.15  g,  3.96  mmol)  was  added  in 
several  small  increments  to  the  stirred  salt  solution.  After  the 


for  30  minutes,  then  quenched  with  50  ml  of  water.  The  precipitated 
orange  solid  was  extracted  into  two  50  ml  portions  of  ether,  dried  over 
anhydrous  magnesium  sulfate,  and  evaporated  to  dryness.  l-Methyl-2- 

was  prepared  by  repeated  chasings  with  chloroform  followed  by  drying 

3H),  4.93  (quartet,  J^g“ll  Hz,  2H,  6 "5.13,  6 *4, 73),  6. 1-7. 5 (multiplot, 
29H);  m/e  (cacld  for  ^'41^34^2^  554.2720,  (found)  554.2720. 


with  a magnetic  stirring  bar  and  a reflux  condenser.  The  suspension 

extracted  into  three  25  ml  portions  of  methylene  chloride.  The  combined 

Neutralization  of  the  aqueous  acid  layer  with  10X  sodium  hydroxide 
followed  by  extraction  into  ether,  drying  over  anhydrous  magnesium 


(961) 


Crystallization  of  the  organic  residue  from  hot  951  ethanol 
produced  1 , 1-diphenyl- 2- (4-N-methylamino-3-diphenylece tylphenyl) 
ethylene  (0.1141  g,  242)  as  fine  lemon  yellow  needles:  mp  162.5-164“; 
ir  (CHClj)  3300  (N-H),  1635  cm"'  (C»0);  nmr  (CDC1  ) 6 2.8  (doublet, 

6.43  (doublet,  Jj  g=8.5  Hz,  1H,  H^) , 6.72  (singlet,  1H) , 6.8-7. 4 
(multiplet,  2H),  7.57  (doublet,  ,=2.0  Hz,  1H,  H„) , 8.88  (broad,  1H, 
washes  out  with  DgO);  m/e  (cacld  for  C^H^NO)  479.2248,  (found)  479.22! 

The  filtrate  from  the  above  crystallization  was  concentrated  at 
reduced  pressure  and  applied  to  a silica  gel  column  packed  in  carbon 

(Kugelrohr)  at  170-175“/0.2  mm  Hg:  ir  (CHCK)  3200  (N-H),  1625  cm”1 
(C=0);  nmr  (CC1.)  6 2.89  (doublet,  J=5  Hz,  3H,  collapses  to  a singlet 
DgO),  5.93  (singlet,  1H) , 6.22-6.63  (multiplet,  2H,  H^,  Hg),  6.94- 
7.34  (multiplet,  11H),  7.68  (multiplet,  J3  /(»8  Hz,  J3  3»1.5  Hz,  1H,  H3 


N-(p-Tolvl)-2.2-Diphenvlacetamide  (91) 
criethylamine  (XI. 6 g,  16.8  ml,  0.115  male),  and  400  ml  of  benzene 

bach.  2,2-Diphenylacetyl  chloride  (26.0  g,  0.113  mole)  In  100  ml  of 
The  colorless  solid  which  remained  was  collected  and  saved.  The 

ir  (CHClj)  1675  cm"1  (C-0),  nmr  (CDClj)  6 2.25  (singlet,  3H),  5.02 
(singlet,  1H),  6.80-7.72  (multiplet,  151!) . 


dehydration  of  the  corresponding  amide  according  to  the  method  described 
by  Stevens  and  Singhali  ^ mp  81.5-83.5®  (lit.^  mp  82-84" ) ; ir  (liquid 
film)  2000  cm-1  (C-C-N)i  nmr  (CDC1,)  6 2.32  (singlet,  3H),  6.92-7.42 
(multiplet,  14H) . 


Alkylation  of  Diphenvlketene-N-(p-Tolyl)imine  (92) 

A solution  of  diphenylketene-N-(p-tolyl)imine  (4.50  g,  16.0  mmol) 


flask  equipped  with  a magnetic  stirring  bar  and  a sodium  sulfate  drying 

colored  l,6-dimethyl-2-benzhydryl-3-(p-tolyl)-4-benzhydrylidene-3,4-di- 
hydroquinazolinium  fluorosulfonate  (4.60  gt  84%)  was  collected  in  a 
small  Buchner  funnel  and  washed  several  times  with  anhydrous  ether 

Purification  via  .crystallization  was  achieved  by  the  addition  of  125-150  ml 

25  ml  of  chloroform.  Ton  platelets  of  l,6-dimethyl-2-benzhydryl-3- 

6 2.15  (singlet,  3H) , 2.32  (singlet,  3H),  3.31  (singlet,  3H),  6.1  (singlet, 
1H),  6.38-7.68  (multlplet,  27H) . 


6-Dimethvl-3-(p-Tolvl)-2 .4-Dibenzhvdrvlidene-1.2.3.4-Tetrahvdroquinozo- 


1 , 6-Dime  thy 1-2-benzhydry 1-3- (p-t  olyl) -4-benzh; 
of  1,4-dioxane,  and  20  ml  of  10%  sodium  hydroxide  wi 


it  swirling.  The  product  mixture  was  placed  on  a rota 
chloroform,  dried  over  anhydrous  magnesium  sulfate,  then  evaporated 


1, 6-dime thy 1- 3- (p-tolyl)-2,' 
quinazoline  (3.3S  g,  98%)  a: 
nmr  (CDClj)  6 1.86  (singlet,  3HJ 
6.19  (doublet,  ^-8  Hz,  1H, 
6.56-7.28  (multlplet,  25H);  m/e 


fluorescent  yellow  soli 
I),  2.25  (singlet,  3H), 
l„),  6.36  (doublet,  J_  7 


6-l)itnethyl-2- 


(95? 


l,6-Dimethyl-2-benzhydryl-3-(p-tolyl)-6 
magnetic  stirring  bar.  Sodium  borohydride  (0.30  g,  7.92  mmol)  was 

to  dryness.  l,6-Dimethyl-2-benzhydryl-3-(p-tolyl)-6-benzhydrylidene- 

1,2,3,6-tetrahydroquinazoline  (1.15  g,  96%)  was  obtained,  and  recry- 
stallized from  isopropanol:water.  The  orange  granules,  however,  were 

under  high  vacuum:  mp  108-150°  (dccomp.);  nmr  (CIlCl.,)  6 1.92  (singlet, 
6.16-7.67  (multlplet,  27H) ; m/e  (cacld  for  ^43^38^2^  582.3036,  ( found) 


-Dimethvl-2-Bonzhvdrvl-3- (p-Tolvl) -4-Benahvdrvl idene- 


tetrahydroquinaaoline  <1.00  g,  1.72  mmol),  and  90  ml  of  concentrated 
hydrochloric  acid  were  combined  in  a 200  ml  round .bottomed  flask  equipped 

the  material  clinging  to  the  inner  walla  of  the  condenser  was  rinsed 

concentrated  to  approximately  10  ml,  then  placed  in  a refrigerator 

toluidine  (0.169  g,  31%)  appeared  after  several  hours:  rap  132-133.5"; 
ir  (KBr)  3240  (N-H) , 1628  cm-1  (C-O);  nmr  (CDClj)  « 2.18  (singlet,  3H) , 
2.88  (doublet,  J-5  Ha,  3H,  collapses  to  a singlet  with  D^O) , 6.13 
(singlet,  1H),  6.62  (doublet,  fi»9  Ha,  1H,  Hfi),  7.07-7.40  (multiplet. 


Neutralisation  of 


C22H21N0>  315.1623,  (found)  315.1646. 
e aqueous  acid  layer  with  10Z  sodium  hydroxide 


evaporation  to  dryness,  afforded  p-toluidine* 


Isobutyryl  Chloride  C 
Isobutyric  acid 


(202.1  g,  122  ml,  1.70  moles)  were  combined  in  a 500  ml  round-bottomed 
flask  equipped  with  a magnetic  stirring  bar  and  a reflux  condenser. 

fractionating  column  and  the  component  distilling  at  90-9 
Isobutyryl  chloride  (196.7  g,  982)  was  obtained  as  a pung 
liquid:  Ir  (liquid  film)  1800  cm-1  (00) ; nmr  (neat)  6 1.28  (doublet, 
JD7  Hz,  6H),  2.97  (heptet,  >7  Hz,  1H). 


H-Phenylisobutyramide  (99) 


0.500  mole)  triethyl- 


prepared  in  a 100  ml  three-necked  round-bottoi 
Isobutyryl  chloride  (45.0  g,  0.422  mole)  in  2 


ask  equipped  with 
of  chloroform  was 


n spectroscopic  comparison  w: 


petroleum  ether  (65-110°)  afforded  N-phenylisobutyramide  (57.0  g,  83%) 

ir  (CHClj)  1665  cm-1  (C*>0);  nrar  (CDClj)  6 1.20  (doublet,  J-7  Hz,  6H), 
2.53  (heptet,  J«7  Hz,  1H) , 6.87-7.62  (multiplet,  5H),  7.87  (broad,  1H). 


Dimethylketene-N-Phenvlimine  (29) 

stirred  under  reflux  for  2 hours.  Evaporation  of  the  benzene  and 
phosphoryl  chloride  at  reduced  pressure  left  an  oily  residue  which, 

6 1.11  (doublet,  J-7  Hz,  6H),  2.87  (heptet,  JB7  Hz,  1H),  6.60-7.62 
(multiplet,  5H) . The  imidoyl  chloride  (12.2  g,  0.0671  mole),  200  ml  of 

consecutively  to  a 500  ml  round-bottomed  flask  equipped  with  a 

drying  tube.  After  stirring  under  reflux  for  9 hours,  the  brown  product 

reduced  pressure  to  a brown  liquid.  Vacuum  distillation  at  73°/2.8  mm  Hg 

(C=C=N) ; nmr  (CC1.)  6 1.73  (singlet,  6H),  7.17  (multiplet,  5H) . 


-Trlphenyl- 


evaporated  at  reduced  pressure  Co  a colorless  crystalline  solid  (2.80  g) . 
The  crude  triazine  was  crystallized  from  hot  absolute  ethanol  to  yield 

(C-C-N);  nmr  (CDC1-)  6 1.43  (singlet,  18H) , 6.53-7.33  (multiplet,  15H) ; 
m/e  (cacld  for  ^'33^33^3)  435.2674,  (found)  435.2655. 


Acid  Catalyzed  Cvclization  of  Dimethvlketene-N-Phenyliralne  (29)  to 
Dimethylketene-N-phenylimine  (0.50  g,  3.4  mmol)  and  25  ml  of 

magnetically  until  dissolved.  A singlet  drop  of  fluorosulfonic  acid 
was  added  to  this  solution  and  the  resulting  mixture  stirred  at 
ambient  temperature  for  14  hours.  Evaporation  of  the  ether  at  reduct 
pressure  left  a pale  yellow  solid  residue.  Recryscallization  from 
absolute  ethanol  afforded  colorless  crystals  (0.30  g,  602.  rap  166-16' 


105 


A solution  of  dimethylketene-N-phenylimine  (3.00  g,  21.0  nmol)  in 
100  nl  of  anhydrous  other  was  prepared  in  a 250  ml  round-bottomed 
flask  equipped  with  a magnetic  stirring  bar.  Methyl  fluorosulfonate 

resulting  mixture  stirred  at  room  temperature  for  24  hours.  The 

and  covered  loosely  with  a Kimvlpe.  After  24  hours  of  standing,  the 

mp  200-203®  (decomp.);  ir  (KBr)  1640  cm-1  (OC-N);  nmr  (trifluoroacetlc 
acid)  6 0.74  (doublet,  J=7  Ha,  6H),  1.38  (singlet,  6H),  2.06  (singlet, 
6H),  2.98  (multiplet,  J-7  Hz,  1H),  7.17-7.85  (multiplet,  15H) . 


Chlorosulfonic  acid  (0.! 


addition  funnel,  then  chilled 
to  0-5®  with  an  ice  water  bath.  l,3,5-Triphenyl-2,4,6-triisopropyl- 
ideneperhydro-s-criazine  (0.500  g,  1.15  mmol)  in  40  ml  of  carbon 

triaainium  chlorosul f onate  (0.16  g,  26%)  as  yellow  prisms:  mp  244-245" 
(decomp.);  nmr  (trifluoroacetlc  acid)  6 0.78  (doublet,  J"7  Hz,  6H) , 


3 (singlet,  6H) , 2.08  (singlet,  ( 
2-8.48  (multiple!,  15H) . 


was  collected  on  a small  Buchner  funnel  and  was  shown  by  nmr  spectro- 
(0.121  g,  252). 


■ 5-Triphenv 1-2- Isopropyl -4 ,6-Di isopropyl! dene- 3 


1 ,3, 5-Tripheny 1-2- isopropyl -4 ,6-diisopropylidene-3,4,5,6- 
tetrahydro-s-triazinium  fluorosulfonatc  (1.43  g,  2.60  mmol),  and 
50  ml  of  ethanol  were  combined  in  a 125  ml  erlenmeyer  flash  equipped 
with  a magnetic  stirring  bar.  Addition  of  sodium  borohydride  (0.220  g, 

yellow  triazinium  salt  coloration.  After  stirring  for  15  minutes, 

60  ml  of  water  was  added.  l,3,5-Tripheny.l-2-isopropyl-4,6-diisopropyli- 
dene-3 ,4 ,5 ,6-tetrahydro-s-triazine  (1.14  g,  992)  was  collected  on  a 

hexanes  afforded  white  prisms  which  melted  broadly  at  155-162®: 
ir  (KBr)  1660  and  1670  cm"1  (C-C-N) ; nmr  (CDClj)  6 0.73  (doublet. 


J-7  Hz,  6H),  1.29  (singlet,  6H) , 1.71  (singlet,  6H) , 1.70-2.47  (multlplet, 
1H) , S.30  (doublet,  J-10  Hz,  1H) , 6.57-7.50  (mult ip let,  15H);  m/e  (cncld 


N-(p-Tolvl)-2-Ethylbutyramide  (105) 

A solution  consisting  of  p-toluidine  (23.0  g,  0.215  mole)  end 

stirring  bar,  addition  funnel,  and  an  ice  water  cooling  bath.  2-Ethyl- 
butyryl  chloride  (14.4  g,  0.107  mole)  in  75  ml  of  chloroform  was  added 

te,  and  finally,  with  water.  After  drying  over  anhydrous 


Diethylketene-N- (p-Tolvl) imine  (106) 

N- (p-Tolyl) -2-ethylbutyr amide  (6. 5C 
pentachoride  (6.60  g,  31.7  mmol),  and  50 


resulting  slurry  stirred  under 


distilled  at  101®/0.2S  mm  Hg.  2-Ethyl-N-(p-tolyl)iminobutyl  chloride 

1685  cm-1  (ON);  nmr  (COClj)  6 0.99  (triplet,  J-7  Hz,  6H),  1.40-2.11 
(nultiplet,  4H),  2.31  (singlet,  3H) , 2.64  (multiplet,  J=7  Hz,  1H) , 
6.67-7.27  (multiplet,  4H). 

of  benzene,  and  triethylamine  (30.3  g,  43.5  ml,  0.299  mole)  were 
added  consecutively  to  a 500  ml  round-bottomed  flask  equipped  with  a 
magnetic  stirring  bar,  reflux  condenser,  and  a nitrogen  atmosphere. 

a medium  porosity  Buchner  funnel  to  remove  the  precipitated  triethyl- 
amine hydrochloride.  The  dark  brown  filtrate  was  concentrated  at 

Diethylketene-N-(p-tolyl) imine  (3.90  g,  702)  was  obtained  as  a greenish 
yellow  liquid:  ir  (liquid  film)  2000  cm”1  (OC-N);  nmr  (CDCl^)  6 1.0B 
(triplet,  J"7  Hz,  6H),  2.08  (quartet,  J»7  Hz,  4H),  2.30  (singlec,  3H) , 
7.12  (singlet,  4H);  m/e  (cacld  for  C^H^N)  187.1360,  (found)  187.1364. 


Alkylation  of  Dlethylketene-N-(p-Tolvl) imine  (106)  with  Methyl  Fluoro- 
Triazine  (107)  and  1.6-l>imethyl-2-(3-Pentyl)-3-(p-To'lyl)-4-(3-Pentyll- 


A solution  of  diethylketene-N-(p-tolyl)imine  (1.50  g,  8.01  mmol) 

Methyl  fluorosulfonate  (0.913  g,  0.647  ml,  8.01  mmol)  was  added,  and 
the  mixture  stirred  at  room  temperature  for  17  hours.  The  ether  was 

30  ml  of  absolute  ethanol.  The  colorless  crystals  of  l,3,5-tri-(p-tolyl)- 


!.  26*) 


2,4,6-tri-(3-pentyridene)perhydro-s-triazine  (0.400  g 
immediately  precipitated  were  collected  on  a small  Buchner  funnel 
and  rccrystallized  from  absolute  ethanol:  mp  209.5-212";  ir  (CDClg) 

(quartet,  J=7.5  Hz,  12H) , 2.23  (singlet,  911),  6.95  (singlet,  12H) ; 


treated  with  excess  sodium  borohydride  (0.30  g,  7.9  mmol). 


of  water  and  the  organic  soluble  components  e: 
dimethyl-2-(3-pentyl)-3-(p-tolyl)-4-(3-pentylidene)-l,2,3,4-tetrahydro 


nmr  (CDClj)  6 0.67-1.76  (multlplet,  1711),  2.15  (singlet,  3H) , 2.22 
(singlet,  311),  2.27-2.92  (multiplet,  4H) , 2.95  (singlet,  3H) , 4.76 
(doublet,  J»8  Hz,  1H,  H^),  6.32  (doublet,  Jy  g"8  Hz,  1H,  Hg) , 6.58-7. 
(multiplet,  5H),  7.18  (doublet,  J5  ya 2 Hz,  1H,  Hg) ; m/e  (cacld  for 


A solution  of  isopropylamine  (20.0  g,  0.338  mole)  triethylamine 


addition  funnel,  and  a calcium  sulfate  drying  tube,  then  chilled  to 
0-5®  with  an  ice  water  bath.  2,2-Diphenylacetyl  chloride  (62.0  g, 
0.268  mole)  in  75  ml  of  chloroform  was  added  dropwise  to  the  amine 
solution  and  stirred  at  ambient  temperature  for  8 hours.  The  crude 


(60.5  g,  89%)  as  a colorless  solid.'  Kecrystallization  from  hot  benzene 
produced  small  colorless  needles:  mp  155-156.5®  (lit.^  mp  158-159"); 
ir  (CHC1~)  1650  cm  (00);  nmr  (CDC1.)  5 1.07  (doublet,  J*7  Hz,  6H), 


4.17  (heptet,  J=7  Hz,  1H),  4.85  (singlet,  1H),  5.48  (broad,  1H),  7.25 
(singlet,  10H). 


N-lsopropyl-2,2-diphenylacetomide  (20.0  g,  79.0  mmol)  and  50  ml 

(16.4  g,  79.0  mmol)  was  added  to  the  amide  slurry,  and  the  resulting 
suspension  stirred  under  reflux  for  90  minutes.  The  solvent  and 

Without  further  purification,  the  crude  imidoyl  chloride  was  transferred 
with  250  ml  of  toluene  to  a 500  ml  round-bottomed  flask  equipped  with 

drying  tube.  The  solution  was  treated  with  triethylamine  (40.5  g, 

0.400  mole,  58.0  ml),  then  stirred  under  reflux  for  12  hours.  Upon 
cooling,  the  mixture  was  passed  through  a medium  porosity  Buchner 


ketene-N-isopropy limine  (30.2  g,  55%)  as  a greenish  yellow  liquid. 

from  petroleum  ether  (20-40°)  to  give  stout  pale  yellow  needles: 

J“6.5  Hz,  6H),  2.25  (heptet,  J=6.5  Ha,  111).  7.28  (multiplet,  10H) ; 
m/e  (cacld  for  C^H^N)  235.1360,  (found)  235.1361. 


Alkylation  of  Dlphcnvlketene-K-Isopropvliralne  (111)  Svn,  Antl-N- 

and  50  ml  of  anhydrous  ether  was  prepared  in  a 100  ml  round-bottomed 
flask  equipped  with  a magnetic  stirring  bar  and  a calcium  sulfate 

for  approximately  12  hours.  The  ether  and  unreacted  methyl  fluoro- 
at  reduced  pressure,  and  the  solid  yellow  residue  recrystallized  from 
N-isopropy 1) amino-3, 3-diphenyl-4-benzhydrylideneazetidinlum  fluoro- 

J - 7 . 0 Ha,  4.8H),  1.42  (doublet,  J*7  Ha,  7.2H),  2.82  (singlet,  ).65H), 
3.39  (singlet,  2.35H),  3.70-4.78  (multiplet,  2H),  6.57-7.65  (multiplet. 


N-Isop ropy 1-2- (N-Me thy l-N-l30propyl) amlno-3, 3-Dlphenvl-4-Benzhvdrylldene- 

N-Isopropyl-2-(H-methyl-N-isopropyl)amino-3,3-diphenyl-4- 
benzhydrylideneazetidinium  fluorosulfonate  (1.2827  g,  2.195  mmol),  and 

stirred  magnetically.  Excess  sodium  borohydride  (0.250  g,  6.59  mmol) 

consumed  and  was  displaced  by  a fine  milky  white  solid.  After  stirring 
an  additional  15  minutes,  the  reaction  was 


quenched  with  60  ml  of  water,  i’he  solid  was  collected  by  suction 

2- (N-methyl-N- Isopropyl)  amino-3, 3-diphenyl-6-benzhydrylideneazetidine 
(1.0686  g,  992)  was  obtained  os  a colorless  powder.  Recrystallization 
from  petroleum  ether  (20-60°)  afforded  colorless  prisms:  rop  119-120°; 
ir  (CHC1J  1660  cm-1  (C-C-Ph);  nmr  (CDC1.)  6 0.95  (doublet,  J-7  Hz,  9H) , 
1.16  (doublet,  J-7  Hz,  3H) , 1.57  (singlet,  3H) , 2.72-3.63  (multiplet,  2H), 
5.62  (singlet,  1H),  6.30-7.65  (multiplet,  20H) ; m/e  (cacld  for  C^H^^) 
686.3036,  (found)  686.3022. 


melting  of  the  azetidine  became  visible  (ca.  120°) , then  heated  inter- 
sample was  allowed  to  cool  and  resolidify  under  vacuum,  then  removed 

solution  indicated  a clean  conversion  to  tetraphenylallene®1*  (0.141  g, 
992,  mp  163-164®,  lit.  ^ mp  164®)  with  no  trace  of  starting  azetidine 

982):  mp  (micro)  153°:  lr  (liquid  film)  1650  cm-1  (C=S);  nmr  (CDClj) 

6 1.08  (doublet,  J»7  Hz,  6H) , 1.14  (doublet,  J=7  Hz,  1H) , 3.67  (heptet, 
J - 7 Hz,  1H) , 7.33  (singlet,  1H):  m/e  (cacld  for  CgH^gN^)  142.1469, 


five  individual  nmr  tubes,  diluted  with  0.5  ml  of  the  appropriate 
solvent,  then  sealed  with  nmr  tube  caps.  The  samples  were  immersed 
together  in  a oil  bath  preset  at  75®  and  allowed  to  remain  at  this 

any  further  cycloreversion.  Careful  nmr  integration  of  the  N-methyl 
signals  of  the  azetidine  and  formamidine  i: 


Solvent 

Pyridine 

Methylene  chloride 

Chloroform 

Benzene 


Azctidine:Formamldine  (ratio) 


at  this  temperature  for  30  minutes.  The  solution  was  removed  from 
tube  and  evaporated  at  reduced  pressure  to  remove  the  volatile 


Ethanol 

benzhydrylideneazetidine  (2.50  g,  5.14  mmol)  and  25  ml  of  absolute 
ethanol  were  placed  in  a 50  ml  erlenmeyer  flask  and  heated  to  boiling. 


solution 


solids,  and  Che  clear  colorless  filtrate  set  aside  for  crystallization. 
Several  hours  later,  the  fine  colorless  prisms  (1.10  g)  were  collected 
by  suction  filtration  and  dried  in  vacuo.  Spectroscopic  analysis  of 
this  crystalline  material  and  comparison  with  authentic  spectra 
reported  in  the  literature88  identified  the  sample  was  tetraphenylallene: 
rap  162-163.5®  (lit.88  mp  164®);  ir  (CDC1  ) 1595,  1485  and  1438  cm-1 
(aromatic  stretch  and  breathing  modes);  nrar  (CDC1,)  6 7.17-7.55  (multi- 
plet). 


2-Ethylbutvrvl  Chloride 

2-Ethylbutyric  acid  (16.5  g,  0.142  mole)  and  thionyl  chloride 


refluxed  for  approximately  90  minutes. 


distilling  at  135-138* 


(lit.  * bp  138-139® /750  mm  Hg)  was  collected.  2-Echylbucyryl  chloride 
(18.9  g,  982)  was  obtained  as  a pungent,  colorless  liquid:  ir  (liquid 

2.08  (multiplet,  4H) , 2.67  (pencet,  J=6.5  Hz,  1H). 


N-Isopropvl-2-Ethvlbutvramide  (118) 


tole)  and  trlethylaraine  (12.8 
a magnetic  stirring  bar.  20' 


water  bath.  2-Ethyibutyryl  chloride  (’ 
ambient  temperature  for  4 hours.  The  r 


with  water.  The  organic  layer  was  dried  ov 
sulfate  and  evaporated  at  reduced  pressure 
ethylbutyramide  (13.4  gf  682) 


7 (multiplet , 6H) , 


6 (doublet,  J**7  Hr,  611), 
, 1H),  5.50  (broad,  1H). 


Dlethvlkotene-N-Isopropyllaine  (119) 


with  a reflux  condenser.  The  suspension  was  stirred  and  refluxed 
gently  under  a nitrogen  atmosphere  for  a period  of  60  minutes.  During 

was  evaporated  at  reduced  pressure  and  the  solid  residue  triturated 
yellow  extracts  were  combined  and  concentrated  to  a yellow  liquid. 


distillation  (Kugelrohr)  at  30-40° /I  ran  llg  produced  diethyl- 


film)  2010  cm-1  (C-C-(l)i  nmr  (CDClj)  5 1.02  (triplet,  J=7  Hz,  6H) , 

1.18  (doublet,  J=6.5  Hz,  OH) , 1.96  (quartet,  J*7  Hz,  4H),  3.53  (heptet, 


Alkylation  of  Diethvlketene-fl-Isopropy limine  (119)  w 


flask  equipped  with  a magnetic  stirring  bar,  and  a nitrogen  atmosphere. 
Stirring  was  begun  and  the  solution  cooled  to  approximately  -78°  with 
a dry  ice/acetone  bath.  Freshly  distilled  methyl  fluorosulfonate 
(2.46  g,  1174  ml , - 2 1 . 6 mmol)  was  syringed  into  the  ketenimine  solution 
and  the  mixture  stirred  at  this  temperature  for  4.5  hours.  The  other 
was  evaporated  at  reduced  pressure  to  an  orange  residue  which  was 
immediately  taken  up  in  75  ml  of  ethanol  and  reduced  at  room  temperature 
with  excess  sodium  borohydride  (0.819  g,  21.6  mmol).  The  mixture 
immediately  discharged  its  orange  coloration,  and,  after  15  minutes 
of  stirring,  was  quenched  with  150  ml  of  water.  Extraction  into  two 
50  ml  portions  of  methylene  chloride  followed  by  drying  over  anhydrous 
magnesium  sulfate  and  evaporation  at  reduced  pressure  afforded  crude 


azetidine  (2.45  g,  782).  Attempted  distillation  (Kugelrohr)  at  95-100°/ 
0.75  mm  Hg  produced  the  azetidine  (1.29  g)  as  a colorless  liquid  in 
412  yield  but  failed  to  improve  its  purity:  ir  (liquid  film)  1645  cm-1 

(C-C-H)i  nmr  (CDC1J  6 0.65-1.58  (multiplet,  > 2411) , 1.66-2.33  (multiplet. 


>4H),  2.52  (singlet.  3H),  3.0-3.75  (multiplet,  2H),  5.52  (singlet.  Ill); 


N, N-Dimethyli3obutvr8mide  (124) 

Dlmethylemine  (11.3  g.  0.251  mole),  triethylamine  (25.2  g, 

O. 250  mole),  and  250  ml  of  benzene  were  combined  in  a 500  ml  three- 

ice  water  cooling  bath.  Isobutyryl  chloride  (20.0  g,  0.188  mole)  in 

filtered  from  the  triethylamine  hydrochloride  salts.  The  filtrate  was 
concentrated  at  reduced  pressure  to  a yellow  liquid  which  on  vacuum 
distillation  at  101“ /ca  20  mm  Hg  (lit.  bp  178-179“)  afforded 

ir  (CHC1-)  1640  cm"1  (C-O);  nmr  (CDC1.)  6 1.11  (doublet,  J-7  Ha,  6H), 
2.84  (multiplet,  J-7  Hz,  111),  3.17  (broad  doublet,  6H). 


N.N-Dimethvl-l-Chloro-2-Hethvl-l-Propenvlamine  (125) 

A solution  of  N,N-dimethylisobutyramide  (30.0  g,  0.261  mole), 

funnel,  and  a nitrogen  atmosphere.  Oxalyl  chloride  (33. lg,  0.261  mole) 


while  slurry,  and  Chen  scirred  for  an  additional  12  hours.  The 
ethereal  produce  mixture  was  filtered  from  the  precipitated  amine 
salts  and  concentrated  at  reduced  pressure  to  a brown  liquid.  Vacuum 
distillation  at  10" /2S  mm  Hg  (lit.1^  bp  40“/25  mm  Hg)  produced  N ,N- 
dimethyl-l-chloro-2-methyl-l-propenylaraine  (24.1  g,  692)  as  a clear, 
colorless,  hygroscopic  liquid:  ir  (CHC1,)  1635  cm-1  (C-C-N) ; nmr 
(CDClj)  6 1.77  (singlet,  2.38  (singlet). 


Treatment  of  N.N-Dime thy  1- 1-Ch loro- 2-Mc thy l-l-I’ropenvl amine  (125) 


A solution  of  sodium  bis(trimethylsllyl)amlde  (2.75  g,  15.0  mmol) 
equipped  with  an  addition  funnel,  magnetic  stirring  bar,  and  a calcium 


N,K-dimethyl-l-N,N-bis(trimethylsilyl)amino-2-methyl-l-propenylamine 
(2.67  g,  70%)  as  a colorless  solid:  mp  74-75°;  ir  (CUCl^)  1645  cm-1 


Treatment  of  N.N-Dimethvl-1- 


'2-Methvl-l-Propenvlamine  (125)  w 


(ca.85X);  Ir  (liquid  film)  1600  cm-1  (OC-N)  ; nmr  (CDClj! 
(singlet,  9H),  1.33  (singlet,  3H),  1.60  (singlet,  3H) , 2 


Treatment  of  Dimethvlketene-N.N-Dimethvllalnium  Tetrafluorobo 


A solution  of  sodium  bis(trimethylsilyl)amide  (2.03  g, 
nitrogen  atmosphere.  In  a separate  vessel,  N,N-dimethyl-l-ch 
ether.  Precipitation  of  silver  chloride  occurred  immediately. 


water,  dried  over  anhydrous  magnesium  sulfate  and  evaporated  at  reduced 
pressure.  Spectroscopic  (nmr)  analysis  of  the  residue  indicated  that 


A suspension  of  potassium  t-butoxide  <1.26  g,  11.2  mmol)  in 

equipped  with  an  addition  funnel,  magnetic  stirring  bar,  and  nitrogen 
atmosphere.  In  a separate  vessel,  N,N-dimethyl-l-chloro-2-methyl-l- 
propenylamine  <1.50  g,  11.2  mmol)  was  added  to  a solution  of  silver 

tetrafluoroborate  solution  was  added  dropwise  to  the  stirred  t-butoxide 
<t-butoxy  ) -2-methyl- 1-propenylomine  were  the  only  products. 


N.N-DimeChvl-2.2-Piphenylacetamide  (130) 

A solution  consisting  of  trethylaminc  (15.6  g,  0.154  mole) 
dimethylamine  (6.92  g,  0.154  mole),  and  500  ml  of  chloroform  was 
prepared  in  a 1000  ml  round-bot corned  flask  equipped  with  an  addition 

acetyl  chloride  (35.5  g , 0.154  mole)  in  75  ml  of  chloroform  was  slowly 
added  to  the  amine  mixture  over  a period  of  15  minutes.  The  ice  bath  wa: 
removed,  and  the  product  mixture  was  stirred  at  ambient  temperature 

of  this  material  from  benzene :petroleum  ether  (65-110°)  afforded 
1645  cm"1  (C*0);  nmr  (CDC1J  6 1.23  (singlet,  3H) , 1.27  (singlet,  3H) , 


N,K-Dimethvl-l-Chloro-2,2-Diphenvlethenvlaroine  (131) 

A solution  of  N,N-dimethyl-2,2-diphenylacetamide  (10.0  g. 


for  12  hours,  under  a blanket  of  nitrogen,  the  solvent  was  removed  b; 
evaporation  at  reduced  pressure  and  the  residue  triturated  three  timi 
with  50  ml  portions  of  petroleum  ether  (20-40°) . The  combined  extra) 

hygroscopic,  yellow  oil:  ir  (CHCI ,)  1680,  1652  cm-1  (doublet,  C=C-N 
nmr  (CDC1 J 6 3.35  (singlet,  6H) , 7.33  (singlet,  10H). 


2-Diphenylethnylamine  (131)  w 


atmosphere.  N,N-Dimethyl-l-chloro-2,2-diphenylethenylamine  (1.90  g, 
7.37  mmol)  in  50  ml  of  benzene  was  transferred  to  the  addition 
funnel  and  added  slowly  to  the  stirred  silylamide.  The  solution 
immediately  developed  a brownish  color 
the  addition  progressed.  After  1 hour 
was  washed  twice  with  50  ml  portions  o: 
magnesium  sulfate,  and  evaporated  at  r< 

petroleum  ether  (30-60°).  The  combine) 
evaporated  to  a dark  brown  oil  (1.1  g) 

ketenimine  functionality.  The  product  W) 


e times  with  40  ml  portions  of 
extracts  were  filtered  and 
Infrared  spectral  analysis  of 


t investigated  further. 


addition  funnel,  mechanical  stirrer,  and  an  ice  water  cooling  bath, 
added  dropwise  to  the  amine  solution.  This  mixture  was  stirred  at 


Vacuum  distillation  of  the  residue  at  110-112” /17 

liquid : ir  (liquid  film)  3200  (N-H) , 1650  (C>0) , 
bend);  nmr  (CDC1-)  6 1.14  (doublet,  J“7  Hz,  6H) , 2 
1H),  2.58  (singlet,  3H),  2.66  (singlet,  3H). 


2.50  (heptet,  J-7  Hz, 


N-Hethyl-N-Benzvlisobutvramlde  (132) 

funnel,  reflux  condenser,  magnetic  stirring  bar,  and  a nitrogen 
atmosphere.  The  mixture  was  stirred  and  refluxed  under  nitrogen  for 

benzyl  chloride  (25.3  g,  0.200  mole)  in  50  ml  of  dry  xylene  was  added 
through  a bed  of  Celite  to  remove  the  precipitated  salts  and  the 


benzylisobutyr amide  (17.6  g,  93%)  as  a colorless  liquid:  ir  (liquid 
film)  1645  cm'1  (C=0);  nmr  (CDCl^)  6 1.10  (doublet,  J“7  Hz,  6H) , 2.85 
(multiplet,  J“7  Hz,  1H) , 2.93  (singlet,  3H) , 4.58  (singlet,  2H) , 

7.1— 7.4  (multiplet,  5H);  m/e  (cacld  for  191.1309,  (found) 


N-^Methv  1-N- Benzyl- 1- 


•2-Methyl-l-Propenvlamine  (133) 


etherate.  Trlethylamine 


separation  of  an  oily  liquid  from  the 


hours  before  being  filtered  through  a bed  of  Cellte.  The  filter 


I g,  682)  os  a yellow  liquid:  ir 
7. 1-7. 4 (multiplet,  5H);  m/e  (cac 


im  distillation  at  72*/ 


Treatment  o 


l-N-Benxyl-l-Chloro-2-Methyl-l-Propenvlamlne  <133) 


to  the  addition  funnel  and  added  dropwlse  to  the  stirred  silylamide. 

After  stirring  for  8 hours,  the  mixture  was  washed  twice  with  100  ml 
portions  of  water,  dried  over  anhydrous  magnesium  sulfate,  and  evaporated 
at  reduced  pressure  to  a yellow  residue.  Vacuum  distillacion  at 
124-125B/0.075  mm  Hg  afforded  N-me thy !-N-benzyl-l-N ,N-b is ( trine thy lsilyl) 
amino-2-methyl-l-propenylamine  (2.10  g,  662)  slightly  contaminated 
with  N-methyl-N-benxylisobutyramide:  ir  (CC1.)  1660  cm-1  (CaC-N) ; 
nmr  (CDC1.)  6 0.1S  (singlet,  18H) , 1.63  (singlet,  611),  2.37  (singlet, 

3H),  4.04  (singlet,  2H) , 7.3  (singlet,  5H);  m/e  (cacld  for  cig**3aN2Si2^ 

Treatment  of  N-Mothvl-N-Benzvl-l-Chloro-2-Methyl-l-Propenylamine  (133) 


a reflux  condenser,  magnetic  stirring  bar,  and  a nitrogen  atmosphere. 


ir  (liquid  film)  1660  cm"1  (OC-N);  nmr  (CDClj)  6 1.32  (singlec, 
13.8  (singlec.  3H) , 1.66  (singlet,  3H) , 2.37  (singlet,  3H) , 3.96 
(singlec,  2H) , 7.25  (singlet,  5H). 


Ethyl  M-Methvlttlvcinate  (137) 

were  combined  in  a 2000  ml  three-necked  round-bottomed  flask  equipped 
of  15-20  minutes.  Stirring  was  continued  as  the  ice  water  bath 


mixture  was  filtered  from  the  precipitated 

(lit.**®  bp  63"/ 10  mm  Hg)  produced  ethyl  N-methylglycinace  (57. ( 
as  a colorless  liquid:  ir  (CHC1„)  3250  (N-H),  1735  cm"1  (OO)s 
nmr  (CDC1.)  d 1.28  (triplet,  J-7  Hz,  3H) , 1.58  (broad  singlet, 
2.65  (singlet,  3H),  3.35  (singlet,  2H) . 6.20  (quartet,  J«7  Hz, 


727  m 


N-Methvl-H-Carbethoxvmethvlisobutvramide  (138) 

0.577  mole),  triethylamine  (58.6  g,  0.577  mole)  and  600  ml  o 
was  prepared  in  a 1000  ml  round-bottomed  flask  equipped  with 


funnel  and  a magnetic  stirring  bar.  Isobutyryl  chloride  (61.4  g,  0.577 
mole)  in  100  ml  of  chloroform  was  added  slowly  to  the  chilled  amine 

concentrated  at  reduced  pressure  to  a yellow  liquid.  Vacuum  distillation 

(91.0  g,  841)  as  a pale  yellow  liquid:  ir  (CHCip  1735  (C“0,  ester), 

1.28  (triplet,  J=7  Hz,  3H) , 2.92  (multiplet,  J=7  Hz,  1H) , 3.15  (singlet, 
3H) , 4.12  (singlet,  2H) , 4.21  (quartet,  JB7  Hz,  2H);  m/e  (cacld  for 


N-Methyl-H-Carbethoxymethvl-l-Chloro-2-Mcthyl-l-Proponvlamine  (139) 

A solution  of  K-methyl-N-carbethoxymethylisobutyramide  (9.10  g, 

round-bottomed  flask  equipped  with  an  addition  funnel,  magnetic 

solution  then  stirred  at  room  temperature  for  24  hours.  The  mixture 
was  cooled  to  0-5"  with  an  ice  water  bath,  and  treated  with  triethylamine 

ambient  temperature  for  12  hours,  then  filtered  through  a bed  of  Celite. 
The  brown  filtrate  was  concentrated  at  reduced  pressure  to  a dark 
brown  liquid  which  was  vacuum  distilled  at  75-77“ /0.55  ran  Hg.  N-Methyl- 
N-carbethoxymethyl-l-chloro-2-methyl-l-propenylamlne  (2.51  g,  232) 


(C=0) , 1640  (C-C-N);  mac  <CC14>  6 
(singlet,  3H).  1.85  (singlet,  3H) , 


(triplet, 
.47  (singlet. 


I,  1.72 
(singlet. 


1.52  (triplet,  J»7  He),  3.88  (multlplet,  J-7  Hz),  4.27  (singlet), 

4.44  (quartet,  J-7  He),  and  8.25  (singlet).  The  structure  has  been 
assigned  as  N-methyl-2-lsopropyl-5-ethoxyoxasollnlum  chloride.  Sodium 

a substance  whose  spectral  properties  are  identical  to  those  of  ethyl 


Treatment  of  H-Methvl-N-Carbcthoxvmethvl-l-Chloro-2-Methvl-l-Proocnvl- 

A slurry  of  potassium  t-but oxide  (0.749  g,  6.67  mmol)  in  10  ml 
of  anhydrous  ether  was  prepared  in  a 100  ml  round-bottomed  flask 

nitrogen  atmosphere.  A solution  of  N-methyl-N-carbethoxymethyl-1- 
chloro-2-methyl-l-propenylamine  (0.915  g,  4.45  mmol)  in  20  ml  of 
anhydrous  ether  was  added  dropwise  to  the  stirred  t-butoxide  suspension. 

but  this  coloration  quickly  faded.  After  12  hours  of  stirring,  the 


indicated  a mixture  composed  mostly  of  N-raethyl-N-carbethoxymethyl- 
at  5 1.63  (doublet).  2.43  (singlet),  and  3.63  (singlet)  in  Che  relative 
vi th  N-rae t hyl-2-isopropylidene-5-e thoxoxazo line. 


N-Carbethoxvroethvlisobutvraraide  (142) 

0.188  mole)  isobutyryl  chloride  (20.0  g,  0.188  mole),  and  100  ml 


a magnetic  stirring  bi 


and  vacuum  distilled  at  100-104°/0.7! 
colorless  liquid:  ir  (CHClj)  1735  i 

(quartet,  J»7  Hx,  2H) , 6.12  (broad. 


r,  1660  cm-1  (OO,  amide); 
7 (triplet,  J-7  Hz,  3H) , 


2-Isopropvl-5-Ethoxvoaaaole  (143) 

A solution  of  N-carbethoxymethylisobutyramide 

equipped  with  a magnetic  stirring  bar  and  a re 


This  mixture  was  refluxed  for  2 hours.  The  solution  was  filtered 

pressure  to  a brown  liquid.  Vacuum  distillation  at  53-55®/2  mm  llg 

(18.9  g,  85%)  as  a colorless  liquid:  ir  (CHC1-)  1620  cm-1  (0-C-N) ; 
nmr  (CDCl^)  6 1.27  (doublet,  J“7  Hz,  6H),  1.38  (triplet,  J-7  Hz,  3H), 


N-Methvl-2-laopropyl-5-Ethoxyoxazolinium  Fluorosulfonate  (147 ) 

drying  tube.  Methyl  fluorosulfonate  (1.61  g,  1.00  ml,  12.6  mmol) 
was  syringed  in  the  above  etherate.  The  mixture  clouded  almost 
immediately,  and,  after  approximately  five  minutes,  the  product  began 
to  separate  from  the  solution  as  a colorless  oil.  Stirring  was 

fluorosulfonate  (2.08  g,  922)  was  obtained  as  a pale  yellow  oil: 
ir  (CUC1»)  1670  cm-1  (0-C-N) ; nmr  (CDC1.)  6 1.61  (doublet,  J«7  Hz,  6H), 
1.67  (triplet,  J=7  Hz,  3H),  3.52  (heptet,  J-7  Hz,  1H) , 3.88  (singlet,  3H! 


(singlet. 


Excess  sodium  borohydride  (0.141  g,  3.72  mmol)  was  added  in  several 

anhydrous  magnesium  sulfate.  Evaporation  of  the  solvent  at  reduced 

distillation  (Kugelrohr)  at  90-100°/3  mm  Hg:  ir  (CHC1  ')  1735  cm-1 
(OO);  nmr  (CDC’l  ) 6 0.88  (doublet,  J“6  Hz,  6H) , 1.25  (triplet,  J=7  Hz, 
3H) , 1.73  (multiplet,  1H) , 2.24  (doublet,  * 7 Hz,  2H) ; m/e  (cacld  for 


t-Butvlisonitrile  (9) 

t-Butylisonitrile  was  prepared  from  N-t-butylformamide  according 
ir  (liquid  film)  2125  cm-1  (-N»c);  nmr  (CCl^)  £ 1.43  (triplet,  J-2  Ha). 
Ethyl  trans-1.3-Diphcnvl-2-Azlridinccarboxvlatc  (153) 
by  the  Daraens  condensation  of  benzalaniline  with  ethyl  chloroacetate 


(Nujol) 


3H) , 3.08  (doublet,  J •- 2 He,  1H,  H^)  * 3.72  (doublet,  J“2  Hz,  1H,  H^), 
4.07  (quartet,  J“7  Hz,  2H) , 6. 7-7. 4 (multlplet,  10H). 


Ethyl  trans-1.3-diphenvl-2-aziridinecarbQKvlate  (0.2600  g, 

placed  in  a 5 am  o.d.  nmr  tube,  and  sealed  with  a nmr  tube  cap.  The 

a flask  of  refluxing  benzene  so  that  the  reflux  completely  encompassed 
the  carbon  tetrachloride :aziridine  solution.  The  cis/trans  isomer 
distribution  was  assayed  spectroscopically  by  careful  integration  of 

approximately  64(±0.7}2  cis  and  36(±0.7)2  trans. 


els  H3  3.44  (7.0  Hz) 
H2  3.04  (7.0  Hz) 


Thermolysis  of  Ethyl  trans-1.3-Diphenvl-2-Aziridinecarboxylate  (153) 

Ethyl  trans-1.3-diphenyl-2-aziridinecarboxylate  (0.2800  g, 
1.048  mmol)  and  t-butylisonitrile  (0.7700  g,  0.278  mmol)  were  placed 

that  the  reflux  encompassed  the  isonitrile :azlridine  solution.  The 


s were  analyzed  spectroscopically  by  examining  tl 
e region  6 2.50-6.00.  No  signals  expected  of  a 


the  extent  of  approximately  38(10.6)2  cis  and  62(i0.6)2  trans 


’ t-Butvlisonitrile  (9)  to  Ethyl  t 


positioned  in  i 


aled  in  a pyrex  tube.  The  mixture  was 
s temperature  for  a period  of  80  hours.  The  tube 

deactivated  alumina  with  cyclohexane  as  an  eluant.  Phenyl-(N-phenyl-N* 
carbethoxymethylJaminoketene-N'-t-butylimine  (7.70  g,  922)  was 
collected  as  a yellow  band  and  evaporated  in  vacuo  to  a golden  oil: 
ir  (CC1, ) 2000  (C-ON);  1745  cm**1  (OO,  ester);  nmr  (CC1.)  6 1.23 
(quartet,  J=7  Hz,  2H),  4.16  (singlet,  2H),  6.43-7.37  (multiplet,  10H) ; 


aminoketene-N'-t-Buty limine  (155) . ~2-Phenvl-2-(N-Phenvl-N-CaEbethoxv- 


A solution  consisting  of  phenyl-(N-phenyl-N-carbethoxymethyl)- 


was  prepared  in  a 125  ml  erlenmeyer  flask  containing  a magnetic  stirring 


e solution 


produced  a brilliant  yellow  solution.  The  organic  soluble  ci 
were  extracted  with  carbon  tetrachloride,  dried  over  anhydrous  magnesium 
sulfate,  and  evaporated  at  reduced  pressure  to  a yellow  orange  oil. 

carbethoxymethy^amino-N'-t-butylacetamide  (0.87  g,  45%)  as  a pale 

spot  in  TLC:  ir  (CC1, ) 3275  (NH,  stretch) , 1735  (OO,  ester) , 

1670  (C“0,  amide),  1540  cm-1  (NH,  bend);  nmr  (CC1.)  6 1.23  (triplet, 

J»7  Hz,  3H),  1.27  (singlet,  1H) , 3.68  (singlet,  2H) , 4.13  (quartet, 

J"7  Hz,  2H),  5.08  (singlet,  1H) , 6.45-7.40  (multiplet,  10H) , 8.08 


Phenvlacetvl  Chloride 

Phenylacetic  acid  (13.6 


t reduced  pressure.  Vacuum  distillation  of  the  residue  at 
mm  Hg  (lit.****  bp  110-lll°/23  mm  Hg)  afforded  phenylacetyl 

s liquid:  ir  (liquid  film) 


Phenylacetyl  chloride  (Id. 5 g,  93.8  mmol)  and  bromine  (15.0  g. 

was  immersed  in  a silicone  oil  bach  pre-set  ac  120°.  and  Che  mixture 

mixture  was  vacuum  distilled  at  80® /ca.  0.04  mm  Kg  (lit.101  bp  156-151 

as  a colorless  liquid:  ir  (liquid  film)  1786  cm-1  (00);  nmr  (CC1  ) 

5 5.57  (singlet,  0.24H),  5.63  (singlet,  0.76H),  7.15-7.5  (multiple!,  ! 


2-Bromo-2-Phenvl-N-t-Butylacetamlde  (160) 

and  cooled  to  0-5"  with  an  ice  water  bath  while  a solution  of  2-bromo- 

additional  30  minutes,  the  triechylamlne  hydrobromide  was  removed  by 
suction  filtration.  The  filtrate  was  washed  with  dilute  hydrochloric 
acid,  dried  over  anhydrous  magnesium  sulfate,  concentrated  at  reduced 
pressure,  and  set  aside  for  crystallization.  2-Brorao-2-phenyl-N- 
t-butylacetamlde  (10.7  g,  522)  was  obtained  as  small  colorless  prisms. 


Recrystallization  from  benzene  provided  an  analytical  sample:  mp  133.5- 
(singlet,  9U),  5.32  (singlet,  1H) , 6.45  (broad,  1H) , 7.18-7.50  (multiplet 


Ethyl  N-Phenylglyclnate  (161) 


n a 250  ml  round-bottomed 
a magnetic  stirring  bar. 


bromide  (23.5 


Ethyl  N-phenylglycinate  (16.7  g,  652) 
crystalline  solid:  rap  55-56.7“  (lit. 
stretch),  1735  cm-1  (00) ; nmr  (CC1.) 


Ethyl  N-phenylglycinate  ( 


bromide  wi 


.-2- (N-Phenyl-N-Carbethoxyraethvl)- 

were  combined  in  a 50  ml  round-bottomed 
•ltration.  The  filtrate  was  washed  with 


anhydrous  magnesium  sulfate.  Evaporation  of  the  solvent  at  reduced 
pressure  afforded  2-phenyl-2-(N-phenyl-N-carbethoxymethyl)amino-N'- 

chloroform:carbon -tetrachloride  (25:75),  the  last  three  of  which  were 

then  overnight  at  high  vacuum.  The  resulting  yellow  oil  exhibited  the 
following  properties:  ir  (CC1.)  3275  (NH,  stretch)  1735  (OO,  ester), 
1670  (OO,  amide),  1560  cm-1  (NH,  Bend);  nrar  (CC1,)  6 1.16  (triplet, 
J-7  Hx,  3H),  1.28  (singlet,  9H),  3.68  (singlet,  2H) , 4.05  (quartet, 
J-7  Hz,  2H),  5.10  (singlet,  1H),  6.33-7.32  (multiplet,  10H),  8.15 
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